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Several new methqds have been  devised f o r  obtaining  electrical  con- 
nect ion  to  thermocouples that are revolvfng at high speeds. A l l  the 
methods depend upon sliding m.e"Uc contacts. An eseerrtial  feature of 
two of these nrethods is the hire of an al l -copper   s l ip  ~ L n g  and brush 
system, which ie operated under  controlled  scoring  conditions i n  order 
t o  prevent  the  formation of chemical films OR the M a c e s  of the slid3ng 
contacts. 

Two general  types of pichp  -aptern &pe described uith modfficatione 
f o r  special   installations.  One pickup system conibines the copper brush 
and slip ring  with an a x i d l y  rotating  center  contact of the  other  ther- 
mocouple metal. Tche other pickup  system emplop s l i p  ringa and brushes 
of copper i n  both sides of the thermocouple circuit. IR t h i s  s y s t e m ,  a 
met.hcd of compensation fs used t o  equalize the themoelectrfc voltages 
that are  generated in  the junct1.m between the tbermocauple materials 
and the copper c i rcui te .  

Both pickup  systems have been proved t o  trammit an accurate s i g n a l  
from a revolving thermocouple t o  within k0.045millfvolt at contact 
sliding speeds up t o  5400 feet per dnute. Thfs  speed corresponb  to  
22,000 rpm for 1-inch-diameter e l i p  rhga. The voltage vasfatfon cor- 
respcmds t o  &l .go F on the chromel-alumel temperature  scale and t o  
&l.S0 F on the  iron-mnstantan scale.  These errors  are maxim; the 
average is indeterminate and much smaller. 

. .  

Research on a i roraf t  e-ngims at the NACA Lewis laboratory has 
required the d e v e l o p n t  of methcds for t-tting sfgnals from revolv- 
ing thermocouples to the stationary measuring c i rcu i t s .  Amng the mxny 
ehpplioations of revolving -thermocouples are those for measuring the tem- 
peratures of turbine and ccmpressor blades Ln ga8-turbine engines and the 
temperature of an t i - i c iw   equfpen t  on aircraft propellere: 
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A m j o r  problem in   t he  m e .  of revolving thermocouples is to 
connection between the stationary and revolving  circuits.   in such 
manner ae nat; t o  superimpose electrical  dtsturbances on the true 

E50J23a 

obtain 
a 
signal. 

. .  

The problem resolves  into a research on methods f o r  either elimfnatilng 
o r  minimizing a l l  undesirable  electr&ive force.6  caused by sliding 
contacts,  thermal  junct€ons, and induotion. The problem a l s o  includes 
t h e  eliminatfon of traneient  effects found - to   .exis t  under certain oondl- 
t iona   in  bal l  bearings. 

Research has shown that one method for oonducting a practically 
t rue sfgnal. i n  null c i rcu i t s  through a sliding  contact  aptem is t o  
emplor pure copper  brushee and slip r ings opemted  deliberately under 
controlled  coring conditions BO as t o  eliminate sltp-ring film forma- 
tions, which ordinarily produce loss of sensi t ivi ty  by increasing resist- 
ance a t  the sliding BuTfaoes. 

The kechnlque of opn i t ing  et c o p p r  b m h  and s l i p  ring under 
eooring  conditions was applied t o  two genelral types of p i c h p  eptem. 
O n e  pickup  system ccpabines the  copper bmsh and slip ring w i t h  an axially 
rotatizlg  center  contact of sane other metal. ThiEi eystem l e  knuwn as 
t h e  center-contact method. Where oopper forme one entire  side of t h e  
thermocouple circuit ,  the upper  temperature limit is determined by the 
copper. This temperature limit can be avotded by the  use of other 
thermocouple metals and copper s l i p  rings i n  conjunction  with ccanpn- 
sation. Another  pickup  system employs slip rings an8 bruehes of c o p r  
i n  both Si&S of the thermocouple- circuft; all Junctions between t h e  
thermocouple m t e r i a l s  and the copper oircuite &e contained. i n  an 
equilibrium tempemkure zone. This s y s t e m  is knm as the compeneated- 
thermocouple  .pickup method and. id mope #Ldely used than the  cerrter- 
contact methd. These two pickup m e t h a  are described  herein u i t h  the 
methoda and the tests used In  determining the accuracy in  tranemitting 
thermocouple signals. 

Principle of operation. - The -sic ccmponents of the cnmpensated- 
thermocouple pickup method i l lustrated by the  schematic diagram of 
figure 1. The revolving  measuring thermocouple Ti, comprising two 
metals, connec-ta t o  copper Leads at C1 and C2. These collneotims are 
i n  intimate thermal omtact  and are located i n  a zone of equilibrium 
temperature. The copper cfrcFite.continue frm Cl and C2 through 
t h e  copper e l i p  riw. and copper  brushes t o  connections C3 and C4 
w h e r e  these oircuits revert t o  the thermoclouple metals. Comectioner C3 

. 
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- and C4 are  located  in the 8- temperature zone ae  connections C1 and 

LC which may have a t o m t i c  compensation f o r  the reference junction T4 of 
C2. The thermocouple mtals continue t o  the measuring potentiometer, 

the t h e m A e c t r i c  system. 
03 

When temperature Q is equal t o  T3, the  eleotlwncrtive  forces that 
are  generated a t  connections C1 and C2 are equal  but  opposite i n  
polarity  to  those  generated a t  oonnections C 3  and C 4 .  Consequently, 
the relat ion of voltage t o  tempemture between  thermocouples and T4 
is not disturbed  electrically regardless of the canposition of the thermo- 
couple metals. 

A n  mangenent  of the prts i n  a practical  shaft-end campensated 
pickuy unft is i l l u s t r a t ed  in figure 2. The u n i t . i s  designed for fcur 
thermocouples but only one cnm'plete c i r c u i t   i e  shown. The design mag be 
equipped with. i ts m mounting base an i  bearings, resu l t ing   in  a unft  
such as is shown i n  ffgure 3. 

Bmsh  design. - Investigations of various brush desi- resulted. i n  
the adoption of t h e  cantilever brush  with center l ad ing .  This type of 
brush  (fig. 2 )  was found suitable  for  use  at   high  rotating speeds  under 
conditions of unavoidable  vibration and slip-rfng  eccentricity. 

A practical  brush  design was found t o  consist of a 1/8-inch rowd 
contact  shoe se t   i n to  one end of a phosphor  bronze wntilever  spring 
7/32 inch wide  by 0.024-inch thick and about 2 inches long between the 
bmsh shoe and the firrst point of contact wlth the  brush mounting base. 
A copper p ig ta i l  was attached  directly  to a small protnxeion on the 
b m h  shoe so that the bronze  of the bnreh spring was not i k luded  &e 
part of t he  thermoelectric  circuit. 

Brush loadrng w&8 obtained with an adjustable loading  screw  lcca%ed 
so as t o  bear on the exact  center of the brush  spring. The required 
t o t a l  brush load faund t o  be between 7 and 8 ounces for brushes of 
1/8- t o  5/32-inch diameter. Less lmding resulted i n  open bmsh cir- 
cuits at  high speeds, whereas greater loading caused  unnecessary  brush 
wear and excessive brush heating. 

In the  labortbtory  investigation, all the o o p p r   s l i p  r i n g s  and 
brushes were fabricated from the  sa=  piece of master stock i n  order t o  
minimize electranotive  forces found t o  be premnt in sliding  oontacts of 
s l igh t ly  lllssfmilar copper. The brush c i m , i t s  were closed with a 
magnetic solenoid  brush  actuator,  as s h m  in f Igme 2. It was found 

30 seconds at any one time. Longer oloeed-circuit periods produced 
. that the brush  circuits ahauld not be closed f o r  periods  exceeding 
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oxidation  films on the sl ip  rings wi th  most lubricants. One mthcd that 
was found t o  elimiriate  completely the formatioh of these fh WBB t o  
operate the bmshes under controlled  sooring  conditions  in the presenoe 
of lubricants having low -5% tendencies. Even this procedure does 
not  prevent  oxidation &ere the  brush  temperature is allowed t o  exceed 
a mass temperratwe limit of abm€ 300° F. By using short contaot perf- 
under scoring editions, the brushee maintain  freshened &aces having 
'low electrical   omtact  resistance.  Brush wear under these conditione is 
8evere  but is within  tolerable limits of eeveral hundred hours service 
when specific  lubricants are used. One'of the satisfactory  service  lubri- 
cants  oonaists'of  light  .instrumnt o i l  conteLining about 1 grem s r  
l i t e r  of cdloidial   graphi te .  

. . . " ." 

P- 

" - 

Laboratory  investigation. - The laboratory  apparatus used t o  eval-.". 
uate the errors  introduced by t h e  compixmted-themmouple pickup syatem 
is shown i n  figure 4. A U  shafts were electr ical ly  grounded through 
grounding bmshea in   o rder   to   e l ia ina te  voltage trarwients that were 
found t o  be generated i n  the ball bearings when operating a t  high speeds. 
The  revolving thermocouple is designated T l y  and the  stationary  cali-  
bratlon  reference thermocouple T,. The slip-ririg  di-ter wae 1.0 inch; 

The equilibrium  temperature..zone s h m  in  f igure 4 was modeled after 
the  hygsomete~chamber  described"in  reference 1. This  type of chaniber is 
effeotive  in  preventing tem-perature tranefents  in  the zone. T h i s  zone- 
chamber design i a  more elaborate -than is generally necessary fo r  routine 
service. A simplified model is Elubsequently described. In   the  accuracy- 
evaluation  investigatfon, steam was the accepted medium for use in the 
equilibrium  temperature zone chamber. Steam and moisture-aaturated com- 
pressed air were used as calibration naedia. 

The  resul ts  of a few of the  accuracy teate  are preeented i n  figure 5 
as  temperature differences between t h e  revolving thermocouple and the 
reference thermocouple for a' range o f .  slip-ring  surface s-peeds up t o  
approximately 5400 feet per minute. The data for a i r  and steam are i n  
good agreement and indicate an average e r r o r  CCE. .only 0.75' P and a 
maxfmum error  d 1.3' F cm the chrmel-alumel temperature ecale. 

The i n i t i a l  observation s h m  at zero speed in figure 5 is the small 
i n i t i a l  diff-erence between T1 and Tc thermooouples. Th i s  difference 
was again  obaerved a f t e r  the 6pee.d tests were completed. 

The equilibrium  temperature zone chanibers e h m   i n   f i g w e e  2 and 3 
are shplified models of the &earn mameter chamber of figure 4. The 
function of the zone  chamber fs fu l f i l l ed  only when the t e m p e r a t u r e s  of 
the T2 and T3 $.~nctions are exactly  equal. A large inmemion depth 
of' these  junctions and their  protection  tubes is neceesary as insumnce 

. 
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that both  seta of &nctions attain the temperature of the zone  chamber. 
Conversely, i n  d e r  to avoid  vibrational breakage at high rotati&& 
speeds,  the immersion dep-bh of the.revolving tube was limited t o  10 diam- 
eters ,  which is leas  than  the-.required  inmereion  depth  discussed i n  
references 3 t o  4, especially for steam atmospheres. 

Special  design  requirenrents were imposed on the  construction of the 
rotating  protection  tubes and zcme chamber t o  offset the low immersion 
depth  required  for  durability a t  high B p e e d s .  The inside dlamter of 
both  potect ion tubes depends upon t he  mmiber of thermocouple JunctiozlEl 
they must contain. The innerston  factor of these tubes was minimized 
by using the amallest-diameter and  t’ninnest-walled  tubing  poasfble i n  

. conjunction  with t h e  leas t  number of themocoupiee of the smallest 
practical  wire gage. The tubes and t h e  c’mmber were made of t h in  
polished  atafnless steel. The base of the revolving  tube was fitted 
with  a disk, which acted as a combination elinger ring and heat-transfer 
f in .  Tne f i n  m e  located  close t o  the gasket en& of the zone chaniber. 
The gasket was made of n e o p n e  and m a  purposely f i t ted laDsely 80 that 
steam escaped  over the  f.in cbntinuously. The steam inlet was directed 
toward tine gasket end of the chaniber.because t’ae heat loases at  this 
end are usually greater t’ban.the losses a t  the d m d  end. 

I 

Reflective  surfaces an the  zone  ohambers  ai^ ueed for the  rea- 
son8 they are us-ed i n  precieion hypsometers; namely, t o  protect the 
in te r ior  af tQe chiaiber from changes of tempemtime thkt might be  caueed 
by r ad ia t ion   t o  or from t h e  walls of the chamber. Where the ins ta l la t ion  
involves nearby duct8 having hQh wall tempera~ures, t’ae zone chaniber is 
enclosed i n  a. second ref lect ive  shield or shroud. In the presence of 
high. external  t~?mper&tures or radiation, the zone chamber a h m  i n  
f igwe 4 may be used. Hkat loss thr&h %be zone-chamber mounting clamps 
is minimized by reducing thermal contact  between’the zone chamber a d i t s  
clamp, as can be seen i n  figure 3. 

The steam supplied t o  the ‘  zone chsmber is usually saturated, and pro- 
vision is made for preventing  accumulations of the condensate i n  the steam 
caTity. The outlet line from the z& chamber was vented t o  barmetr ic  
pressure just below the  chamber, ae Shawn fn figure 2 .  Thus, fn  addition 
t o  equilibrium,- a known temperature was established at  the barmet r ic  
steam point. This point serqes as a reference  temperature for testing 
the  circuits under se rv ice   condi t im.  

Moisture-8aturated air was found t o  be a su i tab le  subetf tute  for 
steam in cases where external  radiatian  sources were not present L n  the 

- v i c i n i t y  of the zone chamber, although  this  practlce is not reuommemled 

T2 tube. A l l  thermocouple  pickup bearlngs a re   a i r -o i l  m i s t  lubricated 
in order to avoid bear- overheating. 

- where bearings are Fnatalled between t h e  sl ip-rlgg assembly and the 



Switchiw  circuits.  - The number of thermocouples that uan conven- 
ien t ly  lk used  with the ompensated thermocouple p i c h p  method (fig. 2) 
is l imited  for  mechanical reasom. This c i rcu i t  l e  best adapted t o  a 
maximum of amraximatelg  six thermocouples because one pair  of s l i p  I- 

rings snd T2 juncticrna are required f o r  each rearmring junction. With 
more than e ix  measuring  junctions, the requfred diemeter of the  protec- 
tion  tube for the T2 junctions becomes too large t o  permit the use of 
the p r o p r  immersion depth at high speeds. 

01 

W~~~FKU.UWZWUB thermocouples are required, a remotely controlled 
selector ewitch msy be buflt  into  the  revolving shaft of the pickup unit. 
A schematic example of a revolving thermocouple sickup switch i e  s h a m  i n  
cram section i n  figure 6. The general rnechanical  arrangercent consist8 
of a switch  plunger  actuated by meam of a s l iding  col lar  that slides '  on 
and revolves with the shaft. The col lar  is positioned by means of a 

control motom. 
11 If Y yoke, which is in  turn  positioned by mans of suitable  automatic - 

The switch of figure 6, with slight  modification, may be  ueed wlth 
either of  two similar c i rcu i t s  a& wtth from 24 t o  60 measuring $mc- 
tions. In one circui t ,  all T1 leads continue  through  the  switch and 
Into the zone cbmBer where they join the copper oircuite. In  th i e  
case all switch  contacts  and  switch a m  are constructed of thermocouple 
metal BO as t o  avoid  undeeirable themud. effeots. A pickup uni t  of t h i s  . 
type is shown in the pho$ogmph of fL.gnre  7, where the ateam-zone c-er 
i8  located at the end of the shaft. 

- .  

. .. 

The other  circuit  for use with the revolving  switches requiree that 
the zone chamber be located between the pickup unit  and the machine under 
t es t .   In   th ie   case ,  the link shaft between the p i c h p  and the rnackine 
contains the T2 Junctiom, and passes through the zone ohamber. The 
zone chamber ie uBuauy equippe-d with 8 steam inlet at egch end and with 
a center steam outlet. A side-entrance  themocauple well is provided 
for containing the Tg Junctions. I n  t h i s  switch all switch p a r t s  are 
made of aopper. A pickup uni t  .of t h i s  type is sham i n  figure 8 .  I n  
both switches of figures 7 and-8, the  thermocouples are divided  into 
two groups of 1 2  each,  thus  permitting  the  use of a square switch com- 
partment. I n  pickup uni ts  for 60 themocouples, t h e  switch €e octagonal 
i n  form wi th  15 thermocouples in each of the four groups. 

. .  

Equilibrium t e m p e r a t u r e  zone8 using liquids. - Space limitations 
eometimes require  special  deeigm of pickups i n  whioh t h e  p i c h p  itself 
becomes an inherent  part of the- machine under test. In  certain  cases 
it has been faund aonvenient t o  use either the cooling  liquid or the 
fue l  that is ueed in tk machlne to equalfze t h e  temperature in   the 
zone  .chamber 
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A liquid-zone sy~tem, which represents  the  case of a jet-driven 
rotor  using  fuel  as the zone control media, 5.13 schematically  Illustrated 
in figure 9. Fluid flow is over the T3 junctions and thence  over the  
T2 junctions.  Both groups are located  close  together  inside the f lu id  
cmpartment . 

T h e  use of liquids  in  the  equilibrium  temperature zone does not 
always prcduoe the  desired  temperature  equilibrium. Uneven temperature 
distribution, oauaed by s t r a t i f i ca t ion  of heated f l u i d  layers, and 
cavitation may exist a t  high rotational  speeas. In  one O a B e  a strati- 
fied  heated  water f flm f r c a n  a beazing  elevated  the TZ jurrctfon tem- 
perature IOo F above that of the 13 junctions. In another oase the 
fluid  cavitated 60 as  to expose c q l e t e l g  the T2 junctions  with a 
resultant error of -20' F. In most oaseg, both  s t ra t i f icat ion a& cavi- 
ta t ion  have been  overcane  by merely ins-Lal.ling restr ic t ions i n  the out- 
l e t s  of the zone compartment. Such res t r ic t ions  &re i l lus t ra ted  in  
figure 9. 

Applications where shaft ende are inacceseible. - Where shaft e& 
are inaccessible, the cmpneated  method nay be ap-plied by the EfmDle 
expedient of designing the zone chamber as a divided shrcud, which is 
used t o  enolose the revolving T2 junctions in a suitable steam zone. 
This  method is i l l u s t r a t ed  in  figure 10. The revolving IT2 junctians 
are e i the r   i n s t a l l ed   i n  the rim of a revolving annular ring having low 
thermal  conductivity frm the rim t o  the shaft or  t'aese junctions may 
be  disposed  radially i n  small protection  tubes made from hspoaersnic 
needles. 

Resistance-ompeneated  thermocouple pickups. - The stationary T3 
thermocmples ordfnar i ls  used f o r  sensing the temperature of the zone 
chaniber &y be replaoedby E properly adjuated reifstance element  such 
a8 is used as the  ccanpeneating eleEnt in cmp=nsa-t;ed potentimeters. 
With t h i s  c i roui t  copper leads are used between the pickup nnZt azld the 
fnstrument. This all-capper ext;eneim circuit is especially adapted 
t o  the  ellmination of errors due to   a tmy  induct ion  in   lmg-lead Sy6tems 
where the instrument must be located at a point sane distance from the 
pickup unit .  Another use for the circuit l e  i n  %he conservation of 
metal where rare-metal thermocmples are used for extreme temperatures. 
In  these  cases,  the rare metal is instal led only  between the TI mas- 
uring  junctions and the % refereme  Junctions. The c i rcu i t  is sche- 
matically shown in f Qnre ll. 
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Principle of operation.  --In the simple& rotating themocouple 
pickup syrstem, the thermocouple signal ie transmitted thxmgh contacts P 

located on the axis of  rotation a t  each end of the- rotating ehaf't. Each cu 0 
contact is made of the thermocouple metal that c m r i s e s  that part of eJ 
the  circuit.  Point-contact at t h e  center of rotation  pennits the use . 
of metals other  than  copper without diaturbing  the measure& signal. When 
only one end of the  rotating shaft is available, the center  contact is 
employed a s  one side of the  circuit  a d  a copper  brush and copper s l i p  
ring aa the other side. Although the pivot  contact  can be made of any 
thermocou-ple. metal, t h e  brush and slip ring c i rcu i t  is limited to those 
metals that do not  generate  dieturbing  electrmotive forces due t o  

. j .  

sliding. . .  
. .  . . .  . " . . . . . . . - . . - . . . . " " " 

When copper if3 used fo r  the entire b m h ,  the sl ip   r ing ,  one 
aide of the circui t ,  the measuring  thermocouple i e  limited t o  the 
temperature  range of oopper against  other  themoauple metals. When 
copper is used f o r  the brush and slip-rfng circuit, then a cmpensa- 
t ion method germits the we  of.metals  other  than copper at the meas- 
uring  junction. The temperature range of the  center-contact =%hod . 

may be extended beyond that of copper  without compensation by employ- 
ing an iron s l i p  ring and iron brush,which is lubricated  with  sulphur- 
ized  extreme-pressure  lubric-ant. This method is a epec id  case and i e  
not in  service use as yet. 

Laboratory  investigation. - The appamtm used t o  evaluate the 
accuracy with which signals w e r e  tranemitted through the center-cmtaot 
copper-constantan piokup gystem l e  illaetrated in  figure 12. Steam m 
used as the CalibratAng medium. The test procedure coneisted  in  observ- 
ing the  temperatm  differences between T1 and the calibration thermo- 
oouple T, f o r  vmioua revolving speeda of T1. Afl with the previauerly 
described  appamtm used t o  t e s t  ,the compensated-thermocouple pickup 
method, all the shafts were grounded and a bif i lar-spiral  winding wae 
used on the lead wires where they pa8sed through  the motpr shaft in 
order t o  minimize the pickup of stray induction. 

The data plotted i n  the curve of figure 13 represent the largest 
tempratwe difference6  observed at each s-peed i n  no lese than five and, 
more often, ten  observations. The largest siugle differenoe was -0 .So F. 

Pickup  design  considerations. - A schematic d r a w i n g  of a center- 
contact  unit that has been used i n  bearing-lubrication  investigations up 
to speeds of 50,000 rpn i e  ah+ in  T i g u r e  14. The uni t  was designed 
with miafmum diameters of a l l  rotating p r t s  in d e r  t o  obtain low 
surface speed at t'ne copper slip ring.. The effective =.an radlm of the 
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brush  track on the slip ring was 1/8 inch, &came of the mall radius, 
the   s l ip   r ing  surface speed wae abmt  3200 f ee t  per minute at 50,OOO rp. 
At 3200 f ee t  per minute, a purescopper  brush and s l i p  ring generates  not 
more than 0.01 mil l ivol t .  In terms of temperature, this  electramotive 
l o r c e  amounts t o  0.37' F on the copper-constantan temperature s d e  in  
the region of ZOOo 3'. 

A "Yfr shaped frarqe of bronze was used to support  double oopper 
brushes, aa shown in figure 14. The ' oonstantan center  oontact was 
mounted within  the arms of the bronze Frazne so that all three c i r cu i t s  
c d d  be simultaneously closed by one push button. The arrangement 
shown in  figure 14 m a  found t o  be free fram the effec ts  of vibration 
and t o  have the same sens i t iv i ty  ~ @ j ~ b r d l e ~ ~  of speed,. 

The center-contact  pickup system previously described  can be U8ed 
only i n  systems with one neasuring thermocouple. The revolving switch 
design shown in   f igure  8 is  adaptable t o  t h i s  oenter-contact  syetem for 
use with nuIDerou8 thermocouples. Where the maaurfng junctions have a 
c(3mmon ground on the machine, however, then the awitch m e t  be  arranged 
w i t h  only one l i nea r  bank of omtaote Ln order to avoid short  c i rcu i t s  
between the Junctions. 

The investigation  described herein haEl resulted in  the development 
of method6 f o r  reading thermocouple temperatures on rotat ing madhinery 
that introduoee  errors  less than a.045 mil l iPol t  (Or f1.9 an the 
chromel-alumel ecale and k1.5' F an the  iran-canstantan scale). 
Rotating  switches (22,000 rp for l-in.-diam. s l i p  ring) have 
been developed that permit reading of several thermocouples 
through a single pair of s l i p  r-s. 

Lewts Flight  Propulsion  Laboratory, 

Cleveland, Ohio. 
National Advisory C a m m i t t e e  for Aeronautics, 
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Figure 12. .. Iaboratory apparatus f o r  measur- SI 
thermocoyple plokup ayetern. 
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